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Abstract 
Pervious concrete is defined as a concrete that has high porosity 
and allows water to drain freely but in term compression it is has 
low strength. It is also be defined as a concrete low or absence of 
fine aggregate and only consists of cement, water and coarse 
aggregates. Malaysia is a country that contributes palm oil 
development to increase the country capital in export field in the 
others country. However, palm oil industry also produces some kind 
of waste like as palm oil fly ash (POFA) and the problem wastage 
of palm oil industry was increasing in landfill. In addition, not only in 
Malaysia faced the problem of recycled bottle plastic but other 
countries also run into this problem that has been increase day by 
day. This study revealed the result of the use of Polyethylene 
Terephthalate (PET) and Palm Oil Fly Ash (POFA) that has been mix 
in pervious concrete. The main objective of this study is to 
determine the compressive strength and ultrasonic pulse velocity 
of pervious concrete containing Polyethylene Terephthalate (PET). 
There are 10 series of concrete mixes POFA) varied from 5 % , 10 % 
and 15% were used as the partial cement replacement material 
and percent of Polyethylene Terephthalate (PET) for every mix are 
0.1%, 0.2%, & 0.3%, based on volume mould and water cement 
ratio that use is 0.5. The pervious concrete was tested its 
compressive strength and ultrasonic pulse velocity of PET and 
POFA- concretes due to 7 and 28 days of water curing ages. At 
the end of study, the optimum additional POFA was 10% with 0.3% 
use of PET shows high optimum value. 
Keywords—: Pervious Concrete, POFA, PET, Compressive Strength Test, 
Ultrasonic Pulse Velocity Test  
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1. INTRODUCTION 
 
Pervious concrete is a unique material because it is forms in 3 elements 
which are cement, coarse aggregate and water. The characteristic of 
pervious concrete is high porosity in concrete flatwork applications that 
allows water from precipitations and other sources to pass through it 
compared with conventional concrete that has 3-5% of void ratio [1]. 
Even the void content of pervious concrete or porous concrete is 15-
25% is higher than conventional concrete but it has low compressive 
strength there is 2.8-28Mpa compared with conventional concrete.  
 Plastics have become an important and part of our lives. The 
amount of plastics consumed annually has been growing steadily. Its 
low density, strength, user friendly designs, fabrication capabilities, long 
life, light weight, and low cost are the factors behind such phenomenal 
growth. With such large and varying applications, plastics contribute to 
an ever increasing volume in the solid waste stream. This makes the 
identification, segregation, and purification of the various types of 
plastics very challenging. In the plastics waste stream, polyethylene 
forms the largest fraction, which is followed by Polyethylene 
Terephthalate (PET) [2]. 
 Since Malaysia has been the largest producer and exporter of 
palm oil in the world, the wastage of the Palm Oil Fuel Ash (POFA) can 
be used as an additional material to cement. Palm Oil Fuel Ash have 
the potential to be used as recycle construction materials as pozzolans. 
POFA is the ashes produced from husk fibre and shell of palm oil burning 
by generation plant boiler which generate energy to be used in palm oil 
mill in order to extract palm oil. POFA is having a high pozzolanic 
material and it is not just can be used as additional material to cement 
but also can increase the compressive strength and durability of 
concrete [3]. 
 
2. LITERATURE REVIEW 
 
In engineering term, pervious concrete can be defined as porous 
concrete, no-fines concrete and permeable concrete. Pervious 
concrete helps reduce runoff from a site and allows for groundwater 
recharge [4]. 
 Polyethylene terephthalate (PET) is one of the most common 
consumer plastics used and is widely employed as a raw material to 
realize products such as blown bottles for soft-drink use and containers 
for the packaging of food and other consumer goods. PET bottles have 
taken the place of glass bottles as storing vessel of beverage due to its 
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lightweight and easiness of handling and storage [5]. The use of PET 
waste in concrete will provide benefit in the disposal of wastes and, in 
addition, will reduce the environmental damages due to the use of 
natural mineral aggregates resources [6].  
2.1 Pervious Concrete 
 
According to study that has been conducted by Malhotra [7] study, 
was revealed that pervious concrete as it relates to applications and 
properties. He provided details on such properties as consistency, 
proportions of materials, unit weight, compatibility and curing in an 
attempt to maximize permeability in the pervious concrete. He 
conducted multiple experiments on various test cylinders in size 10 mm 
diameter and 20 mm height in an attempt to find a correlation between 
compressive strength and any of the material’s properties. He was 
concluded that the compressive strength of pervious concrete was 
dependent on the water cement ratio and the aggregate cement 
ratio. 
2.2 Palm Oil Fuel Ash (POFA) 
 
Palm oil fuel ash (POFA) is a by-product in palm oil mill. It is a waste 
obtained from burning palm oil fibres, shells and empty fruit bunches as 
fuel to produce steam for generating the electricity for palm oil 
extraction process. Generally, POFA is disposed as waste in landfill. POFA 
is hazardous materials but it has been proven to have pozzolanic 
properties from the previous study [8-9]. It is highly reactive and can be 
used as an additional material to cement for building construction 
materials. 
 Many researches have proven that POFA is able to improve the 
properties of concrete in terms of compressive strength, drying 
shrinkage, water permeability, alkali-silica reaction, carbonation 
resistance to chloride penetration and sulphate resistance [10]. 
 Koh, Lee & Yeoh [11] has conducted study for determining the 
strength of concrete containing POFA. The objective of this study is to 
investigate the compressive strength of medium lightweight with POFA 
in different replacement level. Figure 1 shows the compressive strength 
result for their study. From Figure 1, it can be seen that high percent of 
palm oil fly ash (POFA) produce high compressive strength of concrete. 
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Figure 1: Compressive Strength vs. Age for Different Level of 
POFA Replacement [11] 
 
Many researches have proved that POFA is able to improve the 
properties of concrete in terms of compressive strength, drying 
shrinkage, water permeability, alkali-silica reaction, carbonation 
resistance to chloride penetration and sulphate resistance [7]. The main 
chemical components of POFA are 63.6% of silicon dioxide (SiO2), 
aluminium oxide (Al2O3) and iron oxide (Fe2O3) is 66.6% which is slightly 
less than 70% as required for natural pozzolan according to ASTM C618-
08a [9].  
2.3 Polyethylene Terephthalate (PET) 
 
Polyethylene terephthalate (PET) is thermoplastic polyester with tensile 
and flexural modulus of elasticity of about 2.9 and 2.4 GPa, respectively, 
tensile strength up to 60 MPa and excellent chemical resistance. It is a 
semi-crystalline polymer, with a melting point of about 260˚C and a glass 
transition temperature ranging from 70˚C to 80˚C, in relation to the 
amount of crystalline region enclosed in the amorphous phase. Its 
density (specific gravity) is around 1.3–1.4 g/cm3 [12] 
 The use of PET waste in concrete will provide benefit in the 
disposal of wastes and, in addition, will reduce the environmental 
damages due to the use of natural mineral aggregates resources [13-
14]. 
 Ismail and Al-Hashmi [15] investigated the possibility of using 
various plastic wastes, containing approximately 80% polyethylene and 
20% polystyrene, as fine aggregates, up to 4.75 mm, in concrete. By 
increasing the plastic waste content, the compressive tests showed the 
tendency for compressive strength values of plastic waste concrete to 
decrease below the reference concrete at each curing age. The 
concrete with 10% of plastic waste displayed the lowest compressive 
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strength at 28 days curing age, about 30% lower than that of the 
reference concrete mixture. 
 
3. METHODOLOGY 
 
The raw material has been prepared to form a concrete mixture for this 
study.  
 
3.1 Material Selection 
 
3.1.1 Ordinary Portland Cement (OPC) 
 
In this study, the cement used for the concrete mix was Ordinary 
Portland cement (OPC). 
 
3.1.2 Aggregate 
 
Coarse aggregate that have been used must comply by the following 
 conditions by sieve analysis test. 
 
 a) At least 90% of coarse aggregate pass sieve 20 mm. 
 b) Not less than 10% of coarse aggregate pass sieve 10 mm. 
  
In this study, the size of aggregate that will be used is 19 mm – 9 mm. The 
aggregate cement ratio is 1:7 
 
3.1.3 POFA 
 
POFA is collected from one of the palm oil factory in Johor. POFA must 
comply the percentage of POFA in two specimens is 5%, 10% and 15% 
from cement. POFA must dry before it is grinding to obtain the smaller 
particles and the size of POFA that used in research is 0.075mm. 
 
3.1.4 PET 
 
PET was collected in area of UTHM. PET has cut into small pieces in 1 mm 
width and various lengths. Every specimen used different percent 
weight of PET there are 0.1%, 0.2% and 0.3%, and the percent of PET 
based on volume total mixture. 
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3.1.5 Water 
 
Tap water available in laboratory was used for mixing and curing the 
concrete specimens. The water cement ratio is 0.5. 
 
3.2 Sample Preparation 
The samples for this study is prepared by using various ratio of POFA and 
PET. 
3.2.1 Concrete mix design 
Table 1 shows the concrete mix design which have been used for this 
study. 
Table. 1 Mix Design 
 
 
3.3 Testing on Hardened Concrete Specimens 
 
Compressive test and ultrasonic pulse velocity test is conducted in this 
study as to determine the compression strength and velocity of 
concrete. Three cubes of 100 mm x 100 mm x 100 mm were tested at 7 
and 28 days. Figure 2 and Figure 3 shows the compressive strength test 
and ultrasonic pulse velocity (upv) test which have been conducted, 
respectively.  
Mix 
OPC 
(kg) 
POFA 
(kg) 
PET (%) 
Aggregate 
(kg) 
Water 
(kg) 
M1 0.21 - - 1.5 0.63 
M2 0.20 0.01 0.1 1.5 0.63 
M3 0.20 0.01 0.2 1.5 0.63 
M4 0.20 0.01 0.3 1.5 0.63 
M5 0.19 0.02 0.1 1.5 0.63 
M6 0.19 0.02 0.2 1.5 0.63 
M7 0.19 0.02 0.3 1.5 0.63 
M8 0.18 0.03 0.1 1.5 0.63 
M9 0.18 0.03 0.2 1.5 0.63 
M10 0.18 0.03 0.3 1.5 0.63 
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Fig. 2. Compressive Strength Test 
 
 
Fig 3 Ultrasonic Pulse Velocity Test (UPV) 
 
4.0 Result and Discussion 
These findings on compressive strength of the pervious concrete 
indicated that POFA and PET increases the compressive strength to 
compared to normal pervious concrete without replacement and 
admixture material. The high value of compressive strength of 
replacement material was 10 % while the high value compressive 
strength of admixture material was 0.1 %PET because of the chemical 
composition of POFA and cement is more strength and the 
interconnection between aggregate and PET is more interconnect 
compare conventional pervious concrete. Figure 4-6 illustrates the result 
of compressive strength for various POFA and PET content. 
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Fig. 4. Compressive Strength for Concrete Containing 0.1 % PET 
With Various Content POFA 
 
Fig. 5. Compressive Strength for Concrete Containing 0.2% PET 
with Various Content POFA 
 
Fig. 6. Compressive Strength for Concrete Containing 0.3 % PET 
with Various Content POFA 
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4.2 Result of Ultrasonic Pulse Velocity (UPV) 
 
These finding on velocity of pervious concrete containing POFA and PET 
could decrease the velocity due to addition of POFA and PET 
compared with normal pervious concrete without replacement and 
admixture material. The small value of UPV of replacement material was 
10% of POFA + 0.3% PET for 7 days and 5% of POFA and 0.1% of PET for 28 
days. Figure 7-9 illustrates the velocity of concrete containing various 
content of POFA and PET. 
 
 
Fig. 7. Velocity for Concrete Containing 0.1 % PET 
with Various Content POFA 
 
 
Fig. 8. Velocity for Concrete Containing 0.1 % PET 
with Various Content POFA 
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Fig. 9. Velocity for Concrete Containing 0.1 % PET 
with Various Content POFA 
 
5. CONCLUSIONS  
 
Based upon the findings of this research work, the following conclusions 
were drawn: 
 
1. The compressive strength of pervious concrete containing POFA 
and PET is show the high value compared to the pervious control 
concrete because of the interaction between cement, POFA 
and PET. This is because of POFA has high pozzolanic material 
and because of PET take time to long to decompose so that the 
strength of concrete containing POFA and PET is high than 
pervious control concrete. From the result that showed, the high 
value of uses POFA and PET are 10% and 0.1% respectively. 
 
2. The ultrasonic pulse velocity was tested by using directly 
reflection to determine the velocity of compression wave. From 
the data that analysis the addition of POFA and PET, the value 
velocity of pervious concrete contain POFA and PET was high 
compared with previous control concrete. This is because of the 
PET element blocked the velocity of concrete. At 7 days shows 
high value compare with at 28 days because of when the age of 
concrete at 28 days, the voids is more porous compare than 
concrete at 7 days. From the analysis that has done, the high 
value of uses POFA and PET for 7 days is 5% POFA + 0.3% PET and 
5% POFA + 0.1% PET for 28 days. 
 
3. The uses of PET and POFA is 10% POFA + 0.3% PET was show high 
optimum value by the percentage difference uses of PET and 
POFA for 7 & 28 days. 
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